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Abstract 
Pseudogap regime for the prototype high-Tc compounds hole doped Bi2Sr2CaCu2O8-x (Bi2212) and electron doped Nd2-xCexCuO4 (NCCO) 
is described by means of novel generalized LDA+DMFT+Σk approach. Here conventional dynamical mean-field theory (DMFT) equations 
are supplied with additional (momentum dependent) self-energy Σk. In the present case Σk describes non-local dynamical correlations 
induced by short-ranged collective Heisenberg-like antiferromagnetic spin fluctuations. Material specific model parameters of two 
neighboring CuO2 layers of Bi2212 and single CuO2 layer of NCCO were obtained within local density approximation (LDA) and 
constrained LDA method. We show that Fermi surface in presence of the pseudogap fluctuations have perfectly visible “hot-spots” for 
NCCO while in Bi2212 there is just rather broad region with strong antiferromagnetic scattering. Results obtained are in good agreement 
with recent ARPES and optical experiments. 
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1. Introduction 
Pseudogap phenomena are observed for normal 
underdoped phase of different high-Tc cuprates. Among 
others the hole doped compound Bi2Sr2CaCu2O8-x 
(Bi2212) is one of the most studied experimentally [1]. 
On the other hand electron doped high-Tc prototype 
system is Nd2-xCexCuO4 (NCCO) [1]. In accordance with 
common understanding Mott insulators under moderate 
doping become strongly correlated metals. Thus at finite 
doping (up to optimal doping) high-TC cuprates are 
typical strongly correlated metals. Also quasi two-
dimensional nature of these compounds is well known. 
The Hubbard model supposed to be a relevant model for 
strongly correlated metals. To take pseudogap and 
correlation effects into account simultaneously we solve 
the Hubbard model with calculated material specific 
parameters for CuO2 layer within LDA+DMFT+Σk 
approach.[2] 
 
2. Computational method 
In this work electronic structure of Bi2212 and NCCO 
was investigated within recently proposed generalized 
LDA+DMFT+Σk computational scheme [2]. This scheme 
has advantage to combine first principle density 
functional theory in local density approximation (LDA) 
[3] with dynamical mean-field theory (DMFT) [4] to 
solve correlation problem for real materials. To overcome 
local nature of DMFT (for example, for quasi two 
dimensional problem) we supply it with external 
momentum dependent self-energy Σk [5]. Using our 
general approximation, namely ignoring interference 
effects between DMFT Hubbard interaction and 
interactions responsible for Σk, we can keep conventional 
DMFT or LDA+DMFT [6] set of equations for any type 
of physics Σk reflects [5]. 
As a first stage we perform LDA band structure 
calculations. Both compounds have ideal tetragonal bcc 
crystal lattice with space symmetry group I4/mmm (for 
Bi2212 see Refs. [7], for NCCO Ref. [8]). Main structural 
motif for Bi2212 compound is two CuO2 layers displaced 
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close to each other in the unit cell. Using the crystal 
structure data we have done LDA calculations of 
electronic band structure within the linearized muffin-tin 
orbital (LMTO) basis set [9]. Obtained band structures are 
in agreement with previous results of Refs. [7,10] and 
Ref. [11] for Bi and Nd compounds correspondingly. To 
calculate hopping integral values for Bi system Wannier 
functions projecting method [12] in the LMTO framework 
[13] was applied. Hopping integrals in Nd compounds 
were obtained using so called NMTO method [14]. 
Results of both methods were compared with each other 
and agree well for the same compounds [15]. The values 
of hopping integrals between x
2
-y
2
 orbital of different Cu-
sites are listed in the Table 1 for both compounds. The 
values of local Coulomb interaction U for x
2
-y
2
 orbital 
were obtained in constrained LDA method [16] (Table 1). 
To study the “antiferromagnetic” scenario of 
pseudogap formation in cuprates [17] k-dependent self-
energy Σk describing non-local correlations induced by 
(quasi) static short-ranged collective Heisenberg-like 
antiferromagnetic (AFM) spin fluctuations is included 
[18]. These fluctuations are predominantly determined by 
scattering with reciprocal vector Q=(π,π) and are 
characterized by energy scale ∆ (pseudogap potential) and 
correlation length ξ. 
Pseudogap potentials ∆ were calculated as described in 
Ref. [5] and are listed in Table 1. The values of 
correlation length ξ were taken to be equal to 5 lattice 
constants for Bi2212 [19] and 50 lattice constants for 
NCCO [20] as typical experimental values. Hole doping 
level δ is 15% in Bi system and electron doping in Nd 
system is 10%. To solve the effective single impurity 
problem in LDA+DMFT+Σk equations the numerical 
renormalization group (NRG) [21] is applied. 
3. Results and discussion 
On the left side of Fig. 1 LDA+DMFT+Σk Fermi 
surface (FS) for Bi2212 is presented. Close to the borders 
of BZ one can see significant FS “destruction” because of 
pseudogap fluctuations. Also shadow FS is observed for 
our LDA+DMFT+Σk results. Right side of Fig. 1 displays 
FS for NCCO. Comparing left and right panels of Fig. 1 
one can conclude that FS “destruction” in NCCO happens 
not close to BZ border but in the so called “hot-spots”. 
The same FS shapes are observed experimentally for both 
Bi [22] and Nd [23] compounds. Our results agree well 
with presented experimental data (see Fig. 1 lower line). 
Such a difference can be explained from material specific 
point of view. Namely FS of NCCO has more curvature 
and thus at the BZ boundary remains nearly 
noninteracting one. While Bi2212 FS comes to BZ border 
much closer to the (π,0) point. Because of that in Bi2212 
“hot-spots” are not seen in Bi2212. They are smeared out 
by strong pseudogap scattering processes near (π,0) point. 
Fig. 2 displays LDA+DMFT+Σk ARPES spectra along 
1/8 of noninteracting FS from antinodal (lower curve) to 
nodal point (upper curve). Left panels correspond to 
ARPES spectra of Bi2212 obtained theoretically (upper 
line) and experimental data [24] (lower line). Right panels 
show the same quantity for NCCO. In general for both 
compounds in antinodal point quasiparticles are well-
defined - sharp peak close to the Fermi level. Towards 
nodal point we obtained damping of the quasiparticle 
peak and its shift to higher binding energies. Similar 
behavior was observed experimentally [23,24]. However 
there are some differences between these compounds. As 
we said before “hot-spots” for NCCO are closer to the BZ 
center. This fact gives another origin of the peaks seen. 
Namely, for Bi2212 nodal quasiparticles are formed by 
low energy edge of pseudogap while for NCCO they are 
formed by higher energy pseudogap edge. Also in NCCO 
there is no bilayer splitting effects seen for Bi2212 (left 
part of Fig. 2).  
In Fig. 3 we show spatial dependence of quasiparticle 
static scattering rate that is just the value of self-energy 
imaginary part taken at the Fermi level. For this quantity 
we found the same tendency as before: “hot-spots” are 
more pronounced for NCCO than for Bi2212 and are 
closer to BZ center. Nevertheless experimental maximal 
scattering values for both compounds are approximately 
the same [23,24]. As to theoretical results one can 
conclude that for Bi system calculated value of the 
pseudogap potential is slightly smaller than in nature but 
for Nd compound it is quite overestimated. However as 
one can see in Figs. 1 and 2 this is not very crucial for FS 
and ARPES shapes. But one should mention here that in 
Ref. [24] authors tried to map their data on to some model 
self-energy while in Ref. [23] it is just half-width on a 
half height. This fact can cause the discrepancy. 
On Fig. 4 real part of optical conductivities for NCCO 
(left panel) and Bi2212 (right panel) are presented in 
comparison with experimental data. To calculate 
theoretical curve our recent generalization of DMFT+Σk 
with respect to two particle properties was applied [25]. 
Here we can say that qualitatively our theoretical curve 
for NCCO with calculated ∆=0.36 eV (Fig. 4, solid line) 
agrees reasonably with experiment [26]. But again we 
find calculated pseudogap value to be about 2 times 
overestimated. That was already mentioned in previous 
paragraph. To improve the agreement we also calculated 
optical conductivity for experimental value of ∆=0.2 eV 
[26] (Fig. 4, dashed line). The possible source of these 
discrepancies could also arise from underestimation of the 
value of on-site Coulomb interaction U that is calculated 
in our work. Concerning Bi2212 optical conductivity (Fig. 
1, right panel) one can point out that there is no particular 
structure neither in theory nor in the experimental data 
[27]. Again for Bi2212 agreement between experimental 
and theoretical curves is reasonable. 
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4. Summary 
To summarize our comparative study the difference in 
the physical quantities discussed (FS, ARPES, static 
scattering rate) can be explained just by the differences in 
nonintersecting electronic band structures. Strong 
correlation effects included here via novel generalized 
LDA+DMFT+Σk approach are rather similar for both Nd 
and Bi compounds, though obviously it is important for 
correct physics. Especially remarkable are evident “hot-
spots” in NCCO FS. Concerning pseudogap features one 
can conclude that pseudogap effects are a significantly 
stronger in NCCO system. It follows for example from 
model parameters calculated and also from optical 
conductivity. In NCCO pseudogap is very well developed 
and in Bi2212 experimental optical conductivity is pretty 
featureless. 
 
Table 1. Calculated energetic model parameters (eV). 
 t t' t'' t'' tBS U ∆ 
Bi2212 -0.627 0.133 0.061 -0.015 0.083 1.51 0.21 
NCCO -0.44 0.153 -0.063 -0.0096 --- 1.1 0.36 
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Fig. 1. LDA+DMFT+Σk Fermi surface (¼ of BZ) for Bi2212 (left 
panels) and NCCO (right panels). Theoretical results (upper line) are 
contour plot of Green function imaginary part -1/πImG(k,ω=0). Lower 
line shows experimental data for Bi2212 [22] and NCCO [23]. 
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Fig. 2. LDA+DMFT+Σk calculated ARPES spectra for Bi2212 (upper
left panel) and NCCO (upper right panel) along of noninteracting FS in
1/8 of BZ. Corresponding theoretical full Green function imaginary
parts -1/πImG(k,ω) are multiplied with Fermi function at T=255K (the
temperature of NRG calculations). Lower line shows experimental data
for Bi2212 [24] and NCCO [23]. 
Fig. 4. Comparison of LDA+DMFT+Σk calculated optical conductivity
spectra for NCCO (left panel) with experimental data [26] (circles).
Solid line – theoretical results for calculated pseudogap value 0.36 eV
(dashed line corresponds to experimental pseudogap value 0.2 eV) On
the right panel there is the same quantity but for Bi2212 and
experiment of Ref. [27]. 
Fig. 3. Comparison of LDA+DMFT+Σk calculated (dashed) and
experimental (black) spatial dependencies of static scattering a(k) for
Bi2212 (left) [24] and NCCO (right) [23] along of noninteracting FS in
1/8 of BZ. 
